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Iridium oxides have provided a playground to study novel phases originating from spin-orbit
coupling and electron-electron interactions. Among them, the d-wave singlet superconductor was
proposed for electron-doped Sr2IrO4, containing two Ir atoms in a unit cell due to the staggered
rotation of oxygen octahedra about the c-axis. It was also noted that such oxygen octahedra rotation
affects electronic transports. Here we study the role of octahedra tilting away from the c-axis, in
determining superconducting pairing symmetry. We show that the octahedra tilting changes the
large Fermi surface to a Dirac point, which strongly suppresses the conventional d-wave pairing.
Furthermore, it also promotes effective spin-triplet interactions in the strong Hubbard interaction
limit, leading to a transition from the even-parity to odd-parity superconducting phase. Thus,
tuning octahedra distortions can be used as a tool to engineer a spin triplet superconductor in
strongly correlated systems with strong spin-orbit coupling.
I. INTRODUCTION
Spin-orbit coupling (SOC) has provided a new avenue
by which novel phases in strongly correlated electronic sys-
tems can be achieved1,2. This influences both the electronic
and magnetic structure of the system, and has led to the
proposal of phases such as a Kitaev spin liquid in the hon-
eycomb iridium oxides (iridates), A2IrO3, and RuCl3
3–10,
as well as unconventional Mott insulators11–13 in a series of
perovskite iridates, Srn+1IrnO3n+1, and topological nodal
line semimetals in SrIrO3
14–16.
These recent intense activities in strongly correlated
systems with strong SOC were initially undertaken for
the purpose of understanding the insulating behaviour of
Sr2IrO4
11–13. After taking into account the strong SOC
in iridates, a Mott insulator with the amplified Hub-
bard interaction on a narrow Jeff =
1
2 bandwidth was
proposed11–13,17. Given that the relevant band is made
of a single Jeff =
1
2 orbital and a relatively strong Hubbard
interaction12, a proposed microscopic Hamiltonian is a half-
filled, single band, Hubbard model, similar to that of the
cuprates18,19. It is interesting to note earlier efforts which
tried to find a non-copper high-Tc superconductor on iri-
dates, given the similarity of the crystal structure to such
as La2CuO4
20–23. Based on this similarity to the super-
conducting cuprates, d-wave superconductivity has been
suggested in electron doped Sr2IrO4
24–27.
While there is currently no experimental evidence of
superconductivity28, Fermi arcs have been observed in elec-
tron doped samples via angle-resolved photoemission spec-
troscopy (ARPES) measurements29,30, hinting at a possi-
ble anisotropic pseudogap feature, shared in many other
correlated materials31–34. More recently, these Fermi arcs
have been shown to shrink to point nodes as a d-wave sym-
metric gap opens at low temperatures35. Around the same
time, the effect of distortions was studied experimentally in
the layered perovskite iridate, Sr2IrO4
36–39. It was noted
that transport behaviour significantly changes by introduc-
ing oxygen vacancies36, as well as by introducing electron
(or hole) doping using La (or K) atoms37,40, all of which
correlate to the rotation angles of the oxygen octahedra.
Considering the strong impact of octahedra rotations on
the electronic properties, here, we investigate if the super-
conducting pairing symmetry depends on these rotations.
There are two rotations involved in an octahedra cage. One
is a staggered rotation denoted by the angle φ around the
c-axis which occurs in Sr2IrO4 making two Ir atoms in a
unit cell20,41, as shown in the lower inset of Fig. 1(a). The
other rotation is a tilting away from the c-axis denoted by
the angle θ, as shown in the lower inset of Fig. 1(c). To
differentiate these two rotations, we will refer to the angle
φ as the rotation, and the angle θ as the tilting from now
on.
Below we show that the introduction of the tilting and
rotation of the oxygen octahedra modifies the shape of the
band structure to a Dirac Fermi surface protected by a
glide symmetry. This limits the Fermi surface to small
pockets in the area where the even-parity paring gap is
minimized, while the odd-parity pairing gap is maximized.
Furthermore, effective spin interactions in the strong Hub-
bard U limit favouring both even- and odd-parity pairing
are generated by the tilting, while the conventional Heisen-
berg interaction favors only spin-singlet, even-parity pair-
ing. Thus the odd-parity superconducting phase can be
found via increasing the octahedra tilting, originating from
a combination of Fermi surface change and additional spin
interactions. Both the tilting and rotation occur in the
bulk SrIrO3
42,43, and likely happen in an iridium oxide
layer grown on a substrate, AMO3, which has been done
using pulsed laser deposition44, where AMO3 is a band in-
sulator with a closed shell transition metal M and a crystal
structure including both tilting and rotation such as Pbnm.
This paper is organized as follows. In Sec. 2, we show
how the electronic band dispersion of Jeff =
1
2 changes
when a tilting angle, θ, is introduced, while the glide sym-
metry remains. The tight binding model is presented and
their strengths are determined using the Slater-Koster the-
ory for a given (φ, θ). In Sec. 3, we develop a microscopic
Hamiltonian for the large Hubbard interaction, U , limit,
and investigate Cooper pair instabilities within a mean field
theory. The transition between the odd-parity supercon-
ducting phase and the even-parity phase is presented while
tuning the tilting and rotation angles, as well as the chem-
ical potential in Sec. 4. We summarize our findings and
discuss experimental proposals to test our theory in the
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II. CRYSTAL STRUCTURE AND ELECTRONIC
BAND DISPERSION
In a single layer of Sr2IrO4, each iridium atom is sur-
rounded by six oxygen atoms, forming an octahedral cage.
Each cage creates a crystal field, which splits the 5d lev-
els of the Ir atoms into triply degenerate t2g and doubly
degenerate eg levels. The relatively strong SOC of Ir then
splits the t2g levels into Jeff =
1
2 and Jeff =
3
2 , which leaves
a half-filled Jeff =
1
2 band when the 5 valence electrons of
Ir4+ are considered. The SOC mixes the d-orbitals of the
iridium atoms, and the two Jeff =
1
2 states are defined as
|Jz = ± 12 〉 = 1√3 (|dxy,±s〉 ± |dyz,∓s〉+ i|dxz,∓s〉), where ±s
represents the ± 12 spin of the electron.
The oxygen octahedra can be rotated about the lo-
cal z-axis by an angle φ, as shown in the lower inset of
Fig. 1(a). The rotation will alternate between nearest-
neighbour (NN) sites, such that an iridium site with an oc-
tahedron rotated by an angle φ will have neighbours with a
rotation angle −φ. In the presence of this rotation, the hop-
ping integrals between the dyz and dxz orbitals will becomes
finite, which will introduce a hopping term proportional to
σz, where ~σ consists of the Pauli matrices, representing the
Jeff =
1
2 states.
The oxygen octahedra can also be tilted about the lo-
cal b-axis by an angle θ, as shown in the lower inset of
Fig. 1(c), where the a-axis corresponds to the (1¯10) di-
rection, the b-axis corresponds to the (110) direction, and
the c-axis corresponds to the (001) direction. This tilting
also alternates between NN sites, such that an octahedron
which is rotated and tilted by angles (φ, θ), respectively,
will have NN octahedra which are rotated and tilted by
angles (−φ,−θ). Tilting is absent in bulk Sr2IrO4, but can
be generated in an iridium oxide layer grown on a band
insulator substrate, AMO3 with Pbnm crystal structure. In
the presence of alternating rotation and tilting of the octa-
hedra between NN sites, the inter-orbital hopping integrals
become finite between the dyz/dxz, and dxy orbitals. In ad-
dition to the term proportional to σz from hopping between
the dyz and dxz orbitals, since the hopping of an electron
of spin s between the dxy and the dyz/dxz orbitals involves
hopping between the |Jz = + 12 〉 and |Jz = − 12 〉 states, a
spin-flip term proportional to σx or σy will be present.
The unit cell consists of two square sublattices, labeled
A and B, each made up of iridium atoms inside of oxy-
gen octahedra with the same tilting and rotation angles,
such that all of one sublattice is characterized by rotation
and tilting, (φ, θ), while the other is completely character-
ized by (−φ,−θ). The tight-binding Hamiltonian can be
expressed as
Ht =
∑
〈i,j〉
∑
σ
t0c
†
iAσcjBσ + ic
†
iAα(~v · ~σ)αβcjBβ + h.c.
+
∑
〈〈i,j〉〉
∑
σ
t′(c†iAσcjAσ + c
†
iBσcjBσ) + h.c., (1)
where ~v = ( 12 tx,
1
2 ty, tz) along the x-axis, and ~v =
( 12 ty,
1
2 tx, tz) along the y-axis. The hopping amplitudes
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Figure 1. Two-dimensional (2D) Band dispersion of Jeff =
1
2
states, with (a) finite rotation (φ = 11◦) only (i.e., no tilting),
(b) small finite tilting (θ = 5◦) and rotation (φ = 5◦), and (c)
finite tilting (θ = 12◦) and rotation (φ = 11◦). A small chemical
potential is shown as the solid, red line at µ ≈ 0.2 to represent
electron doping. Upper insets: First Brillouin zone (BZ) of
2D lattice with the A and B sublattices, and a dashed square
original BZ without rotations. The location of the Fermi surface
is shown in red, corresponding to the small chemical potential
shown in the band dispersion. The path of the band dispersion
plot is shown as the dotted blue line between points Γ = (0, 0),
X = (pi, 0), and M = (pi/2, pi/2). Lower insets of (a) and (c):
(left) A single IrO6 octahedron with a rotation of φ along the
local c-axis, and a tilting of θ along the (110) direction. (right)
Four Ir sites, showing the two distinct sites, where NN sites
having opposite rotations, i.e., (φ, θ) and (−φ,−θ).
3(φ, θ) t0 tx ty tz t
′
(5◦, 5◦) −0.6 0.15 0.05 −0.07 −0.15
(11◦, 12◦) −0.6 0.3 0.1 −0.15 −0.1
(15◦, 15◦) −0.55 0.3 0.13 −0.2 −0.1
(20◦, 20◦) −0.5 0.35 0.17 −0.25 −0.1
(25◦, 25◦) −0.475 0.35 0.2 −0.3 −0.11
TABLE I. Slater-Koster values of hopping parameters,
t0, tx, ty, tz, and t
′, for different rotation and tilting angles, φ
and θ, all defined in the main text. Note the use of (φ, θ) =
(11◦, 12◦) is chosen to reflect the rotation and tilting found in
bulk SrIrO3
43.
are defined such that t0 represents NN intra-orbital hop-
ping, tz, NN hopping between dyz and dxz orbitals,
tx (ty), NN hopping between dxy and dxz (dyz) or-
bitals along the x-direction, and t′, next-nearest neigh-
bour (NNN) intra-orbital hopping. The hopping param-
eters can be determined for a given (φ, θ) via the Slater-
Koster theory45. In the presence of rotation only, tx =
ty = 0, while finite tilting (θ) and rotation (φ) will give
all terms finite. For example, taking the overlap of the
d-orbitals as (tddσ, tddpi, tddδ) = (
3
2 ,−1, 14 ), and a suppres-
sion factor of α = 0.4 for NNN hopping, determined
previously by matching a LDA band structure14, where
(t′ddσ, t
′
ddpi, t
′
ddδ) = α ∗ (tddσ, tddpi, tddδ), the parameters are
listed for various rotation and tilting angles in Table I. For
the remainder of this paper, we will work in units where
the largest hopping term, |t0|, is set to 1.
The band structure is shown in the case of a finite ro-
tation, but no tilting in Fig. 1(a). This is comparable to
the band structure used to predict d-wave superconduc-
tivity in Sr2IrO4
28, based on its similarity to the cuprate
superconductors other than the change in sign of the NNN
hopping parameter24. The Fermi surface in the presence of
small electron doping consists of hole and electron pockets
near the X= (pi2 ,
pi
2 ) and M= (pi, 0) points respectively, as
shown in the upper inset of Fig. 1(a). By introducing a
finite tilting angle, as shown in Figs. 1(b-c), the degener-
acy between the X- and M-points is split by breaking the
mirror symmetry in the xy-plane, leaving only Dirac points
at the (±pi2 ,±pi2 ) points, protected by a b-glide symmetry.
This b-glide symmetry consists of a reflection in the bc-
plane at a = 1/4, then translation along the b axis. The
b-glide operator interchanges dxz and dyz orbitals, in ad-
dition to exchanging the A and B sublattices. Introducing
the additional Pauli matrices, ~τ , to represent the sublat-
tice, the b-glide symmetry operation can be expressed as,
Πˆb =
i√
2
(σx − σy)τxkˆb, where kˆb is an operator acting on
the crystal momentum such that (kx, ky) → (ky, kx)14. If
this b-glide symmetry is broken, and the Dirac nodes are
gapped, it was shown that this becomes a 2D topological
insulator46. Leaving the b-glide symmetry intact, in the
presence of small tilting and rotation, the Fermi surface in
the presence of a small electron doping again consists of
hole and electron pockets near the X- and M-point respec-
tively, however, the pockets are not connected in this case,
as shown in the upper inset of Fig. 1(b). When the tilting
and rotation angles are increased, only the electron pockets
remain, as shown in the upper inset of Fig. 1(c).
Since formation of the superconducting gap involves the
FS instability, the shape of the FS plays an crucial role in
determining the pairing symmetry. In the case where the
FS is limited to areas near the M-points, d-wave pairing
of the form cos kx − cos ky is likely unfavourable because
the pairing gap is minimum around the M-points. Alter-
natively, in the case of an odd parity pairing such as chi-
ral, p-wave, of the form sin kx ± i sin ky, the pairing gap is
largest around the M-points, providing a possible reason
why p-wave pairing may occur instead of d-wave. In the
next chapter, we will examine all possible pairing symme-
tries that arise in the large Hubbard U interaction limit in
the presence of finite θ and φ.
III. SUPERCONDUCTING INSTABILITIES IN
THE LARGE U LIMIT
Starting with the Hubbard model,
H = Ht + U
∑
i
ni↑ni↓, (2)
and taking the large U limit, we have the following ex-
tended spin model away from half filling.
Heff = Ht +
∑
i
∑
δ∈[±x,±y]
[J ~Si · ~Si+δ + ~Di,δ · (~Si × ~Si+δ)
− V˜ nini+δ + Γαβδ Sαi Sβi+δ] +
∑
〈〈i,j〉〉
J ′(~Si · ~Sj − 1
4
ninj).
(3)
The interaction terms here are defined as the following47,48,
J =
4
U
(t20 − |~v|2), ~Di,δ =
8
U
it0~vδ
V˜ =
1
U
(t20 + |~v|2), Γαβδ =
8
U
vαδ v
β
δ
J ′ =
4
U
t′2, (4)
where i represents a change of sign between adjacent bonds
in the DM term, ~Di,δ, and the distinction between the x
and y directions of ~Di,δ and Γ
αβ
δ reflects the difference of ~v
along either the x or y direction. The tight binding portion
of the Hamiltonian, Ht, is supposed to project out hoppings
that change the number of doubly occupied sites, but we
find that that such projection does not affect the mean field
results presented in the following section.
Treating the effective Hamiltonian in mean field theory,
we obtain the following mean field Hamiltonian,
HMFeff = Ht +
∑
δ
{
N
VS
〈∆†sδ〉∆sδ +
∑
α
[
N
V αTδ
〈∆α†pδ 〉∆αpδ
−
∑
β 6=α
4N
Γαβδ
〈∆α†pδ 〉∆βpδ
]}
+ h.c. + const., (5)
where α ∈ [x, y, z] labels the three spin-triplet components
of the triplet order parameters. The order parameter op-
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Figure 2. (a) Phase diagram by varying the tilting angle θ and
doping x. For small tilting angles, the d-wave pairing is the
minimum solution of free energy. However, p-wave becomes the
minimum solution for larger angles, as indicated by the blue
dashed phase transition line. Both the p-wave and d-wave pair-
ings are inset in their respective regions, plotted along the first
Brillouin zone, with a sample Fermi surface shown in red. This
shows that the p-wave pairing is largest for the FS near the
M-point, while the d-wave paring is favoured as the FS elon-
gates towards the X- and Y-points by increasing the electron
doping, x. A black dotted horizontal line is the path chosen
for (b), to show the nature of the phase transition. The gray
shaded area is where the magnetic ordering dominates and our
pairing analysis may not be applicable. (b) Amplitudes of the
order parameters for both the even- and odd-parity solutions
for a fixed (θ, φ) = (15◦, 15◦), and varying doping, x. There are
two sizeable order parameters (belonging to separate solutions),
〈∆zp〉 (red line with circles) and 〈∆d〉 (blue line with squares),
and all other order parameters are negligible. The jump of the
order parameter shows that the transition is first order (shown
with the black, vertical line)
erators are defined as,
∆sx =
VS
N
∑
k
ψkα(iσy)αβ(τx)ψ−kβ(cos kx)
∆sy =
VS
N
∑
k
ψkα(iσy)αβ(τx)ψ−kβ(cos ky)
∆αpx =
V αTx
N
∑
k
ψkα(dˆασαiσy)αβ(τx)ψ−kβ(sin kx)
∆αpy =
V αTy
N
∑
k
ψkα(dˆασαiσy)αβ(τx)ψ−kβ(sin ky), (6)
representing the spin singlet (∆s) and triplet (∆
α
p ) with
α = x, y, z, and ψkσ = (cAkσ, cBkσ)
T . Note that since
inversion symmetry is not broken, the DM term does not
couple the singlet and triplet order parameters as is the
case when the SOC breaks inversion symmetry49. Given
that x- and y-axis rotational symmetry is broken, x- and
y-bond pairings can be different. The extended s-wave
and d-wave pairings are represented by ∆s(cos kx + cos ky)
and ∆d(cos kx − cos ky), respectively and ∆s/d ≡ 〈∆sx〉 =
〈∆sy 〉. For the p-wave pairing ~∆p, the d-vector direction
is pinned by the interaction V αT . In other words, the α-
direction of the d-vector originates from the interaction V αT
shown below. The effective interaction terms are given by,
VS = −3J
8
− V˜
2
− 1
8
(Γxx + Γyy + Γzz)
V αTδ = −
Γααδ
4
+
[
J
8
− V˜
2
+
1
8
(Γxx + Γyy + Γzz)
]
. (7)
Here, Γαα, induced from the finite tilting, generates an at-
tractive interaction, V αT , for the spin triplet pairing as well
as the spin singlet pairing, while the conventional Heisen-
berg leads to an attractive interaction for only the spin
singlet. Below, we present the self-consistent mean-field
results as we vary the rotation and tiling angles of the oc-
tahedra, as well as the electron doping level.
IV. TRANSITION BETWEEN EVEN AND ODD
PARITY PAIRINGS
The gap equations can be solved in the presence of the
interaction terms of Eq. (3) at zero temperature. This was
done in the presence of only the intra-orbital hopping term,
and is discussed in Ref. 50. Considering the case of only
finite rotations as shown in Fig. 1(a), including only the
Heisenberg and density-density terms leads to a d-wave sin-
glet.
When a finite local tilting is introduced, as shown in
Fig. 1(c), the x- and y-components of the Γ term are fi-
nite, and an odd-parity dominant solution can occur due
to the attractive triplet interactions as well as the location
of the Fermi surface. The order parameters are solved self-
consistently for various values of electron doping, represent-
ing the shift of the Fermi surface away from the (±pi2 ,±pi2 )
points, as well as various tilting and rotation angles, which
change the interaction strength of the triplet terms relative
to the singlet. In addition to the d-wave solution discussed
5above, an odd-parity, triplet solution can occur in the form
of ~∆(k) = ∆pdˆ sin kx, ∆pdˆ sin ky, or a linear combination
of the two such as a chiral solution of ∆pdˆ(sin kx± i sin ky),
where ∆p = 〈∆px〉 = 〈∆py 〉 and direction of d-vector dˆ can
be pinned by the dominant Γαα interaction in Eq. (7).
By minimizing the free energies with respect to 16 mean
field order parameters, including both real and imaginary
components, the state corresponding to the free energy
minimum can be found. The phase diagram generated by
varying the tilting angle, θ, (we set the rotation angle, φ,
to be the same, but different values of φ do not change
the qualitative result) and electron doping, x, is shown in
Fig. 2(a). To obtain the phase diagram, we used a set of
tight binding parameters for a given set of angles, and a
few examples are listed in Table I. The effective interaction
values are estimated from the tight-binding parameters, as
described in Eq. (4), with U = 2.3t0. Various critical values
of the angles are found for different doping concentrations.
Below the critical angle for a given doping, the d-wave
dominant solution occurs. The d-wave solution occurs for
small doping mainly due to hole pockets in the Fermi sur-
face near the X- and Y-points. However, for small x, the
magnetic ordering is dominant, as indicated by the shaded
region in Fig. 2(a), and thus the d-wave superconducting
state would appear only at higher doping and small tilt-
ing, θ. The d-wave pairing at higher doping is achieved via
the energy gain by gapping out the FS near the X- and
Y-points due to the elongated FS shown by the red line in
the lower inset of Fig. 2(a).
Above the critical angle, the odd-parity dominant so-
lutions indeed occurs, as the small pockets are near the
M-point, and for higher doping the odd-parity state re-
quires a higher tilting angle. The blue dashed line rep-
resents the first order phase transition between the odd-
and even-pairing states. The precise transition line may
change depending on the details of tight binding parame-
ters, while the qualitative behaviour does not depend on
the details. The direction of the d-vector in the p-wave
pairing is determined by the interaction term, Γαα. For
all cases we considered, the d-vector is pinned along the
zˆ-direction indicating that Γxx,Γyy < Γzz. There are 4
degenerate solutions found in the odd-parity state; one
is ~d(k) ∝ (sin kx)zˆ, another is ~d(k) ∝ (sin ky)zˆ, and the
other two are ~d(k) ∝ (sin kx ± i sin ky)zˆ, which is a partic-
ular linear combination of the other two. Note that this
requires imaginary ±i sin ky, and thus the state sponta-
neously breaks time reversal symmetry by choosing either
+i or −i.
In Fig. 2(a), we present only which state corresponds to
the free energy minimum. To show how each order param-
eter changes as a function of the doping x, we choose a
specific angle, represented by the dashed horizontal line at
(φ, θ) = (15◦, 15◦) in Fig. 2(a), and show the magnitudes of
the different components in Fig. 2(b). There are two size-
able order parameters, 〈∆zp〉 indicated by the red line with
squares, and 〈∆d〉 indicated by the blue line with circles.
All other order parameters including the extended s-wave
and x- and y-component of triplet pairings are negligible.
While the magnitude of the d-wave order parameter is al-
most always larger, it does not represent the free energy
minimum in the phase diagram because it is suppressed
by the form factor, which is small near the Fermi surface
for small doping values. The order parameter jumps from
p-wave to d-wave at the transition, indicating a first order
transition. The precise location of transition point depends
on the details of tight binding parameters, while the quali-
tative main finding of the transition from the d-wave to the
p-wave pairing does not.
V. SUMMARY AND DISCUSSION
The bulk Sr2IrO4 has offered a playground to study com-
bined effects of SOC and electronic correlations. For exam-
ple, the Mott insulator is originated from the Hubbard U
interaction on the effectively narrow Jeff =
1
2 SOC band.
Based on several similarities to high-Tc cuprates, includ-
ing a single band basis, strong electron-electron interaction,
and crystal structure, the d-wave superconducting pairing
was proposed for electron doped Sr2IrO4
24–27. Despite a
lack of experimental evidence of a bulk superconducting
state, the d-wave-like nodal gap was observed by ARPES
on surface doped Sr2IrO4
35.
On the other hand, ARPES data collected in electron
doped samples using La atoms on a superlattice made of
[SrIrO3,SrTiO3] has shown evidence of the Dirac point,
as well as Fermi pockets forming around the (±pi2 ,±pi2 )
points30,51. This indicates that such a superlattice with
La doping has a qualitatively different FS from the surface
doped Sr2IrO4. It is plausible that the La doping in this
superlattice introduces further octahedra distortion, and
the p-wave pairing symmetries may occur via the octahe-
dra distortions generated by superlattice and/or under a
strain. Thus, tuning of the octahedra distortions is a tool
for engineering a p-wave superconductor. Since the p-wave
spin triplet is sensitive to disorder, it requires careful prepa-
ration and further analysis to determine the existence of
superconductivity in these superlattices.
In summary, we studied effects of octahedra distortions
on possible superconducting pairing symmetries in strongly
spin-orbit coupled 2D iridium oxides with electron doping.
We found that with a finite staggered tilting of octahedra
about the [110]-direction in addition to the staggered ro-
tation about the c-axis, the FS changes to a Dirac point
around the M-point. Such tilting also generates effective
spin interactions in addition to the conventional Heisenberg
interaction in large Hubbard U limit. These two changes
– FS topology and additional spin interactions – originat-
ing from the octahedra tilting, lead to the phase transition
from the d-wave spin singlet to p-wave spin triplet, as the
tilting angle increases. While the above analysis was made
for iridium oxides, the main idea of the combined effects of
SOC and lattice structures can be applied to other systems
with strong SOC. Effects of disorder and other competing
states would be important subjects for future studies.
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